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Erratum 


P.7  bottom  up  line  5 

"t.l.rtjPj  changed  into 

P.17  line  10  changed  into 

"h- (sem) - (v)  :  #v- (sem)  -  (v)  -  ( 1)  =  T  =>  0$v-  (sem)  -  (v)  -  ( 1)  «  F  ~T0end; 
h-(sem)-(v):  #v-  (sen)  -  (v)  -  (10)  =  T  =>  0#v-  (sem)  -  (v)  -  (10)  «  P  "f^end;" 

P.17  line  17  changed  into 

"h- (sem) - (p) :  #v- (sem)  -  (p)  -  (1)  =  T  =>  0#v-  (sem)  -  (p)  -  (1)  =  F  *  “t.end; 

#  *  • 

"h- (sem) - (p) :  #v- (sem) - (p) - ( 10) =  T  =>  0#v- (sem) - (p) - ( 10) *  F  ~t0end;" 

PP.  9-12  The  sematic  transformations  of  "->n  ought  to  be  changed  according 
to  the  following  oattern: 

£(A->  B)  ->  i  ^(A)  £<B)  ] 

o(A_>  (B->  C))  ( A->  B->  C)  <:->  [  P(A)  ;  (3(B);  £  (C)  ] 

jS(A->  ;p  I  Q)  ;  <->  (3(A)  ;  tl];  1:  £(P)  ;  1:  £(Q) 

So,  the  programs  in  Example  2,  3  must  be  changed  accordingly. 
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APPENDIX 

Soma  Basic  Features  of  XXZ/S 

(1)  In  XXZ/B,  each  mso  is  divided,  into  three  parte : <; type  symbol < root> < mxi> . 

Tha  type  symbol  is  always  oiaittsdj  the  root  is  an  identifier  and  the  index  is  a  string 
of  nodes  connected  by  hyphens.  A  node  can  be  an  identifier  or  an  integer  or  an  integer- 
grouped  by  braces. „S.g.  Iabc-(3)-^gc  is  an  name  in  which  I  is  tha  type,  abc  is  the  too' 
and  the  rest  is  the  index. . Related  to  the  concept  of  name,  a  name  schema  is  an  expre¬ 
ssion  whose  value  is  a  name.  Iha  fore  of  a  name  schema  differs  from  a  name  in  that  in 
the  former  an  integral  variable  can  occur  within  the  braces  of  a  code,  e.g. 
Iatc-(-:?Kabc)-agc  is  a  name  schema,  hers  fKabc  is  a  counter  corresponding  to  tbc. 

(2)  For  a  name  v,*fc-  is  a  general  v  ariacle .  It  represents  its  vales  at  present  time  t. 

ovv  represents  the  value  of  this  variable  at  next  tins ; i.e.  t+1.  oK*v  reproconts  the 
value  at  tins  t+k.  To  make  use  of  thin  convention,  we  can  represent  assignmsnt  vu-v+i 
as  ;and  also  goto  p  can  be  expressed  as  o#lb«p,  here  fib  is  a  special  general 

variable  used  to  indicate  the  current  control  labels*  In  this  way,  both  assignment  anti 
goto  became,  equations.  We  call  the  equation  with  #lb  in  it  a  lb  equation.  o#lb»p  can 
be  abbreviated  as  p  and  #2b“p  as  p: . 

(3)  We  use  the  lb  equations  or  their  abc reviataa  forms  to  express  not  only  the  control 
flew  of  statements  i.e.  compound  statement,  case  statement  and  loop,  'out  also  various 
data  structores.i.a.  record.,  type  union  and  array,  for  both  are  correspondent  to 
sequencing,  branching  and  iterating  respectively. 

(4)  Just  ao  assignment  ie  the  basic  element  in  statements,  so  I  (integer),  C  (charac¬ 
ter  string)  and  B  (boolean)  are  basic  dirents  in  data  typo.  They  can  be  used  both  as 
type  symbols  and  as  allocations!  formulas,  lie  latter  are  introduced  in  order  to  abb¬ 
reviate  the  former.  Besides,  there  is  another  aliocational  formula  or  type  vrhich  is 
used  to  represent  pointer,  i.e.  PT  hare  T  is  the  type  of  the  object  to  be  referenced. 

(5)  A  program  is  always  written  with  a  special  f  ~ra.  which  is  a  series  of  j-o  called 
conditional  emerents  separated  by  ;.  A  conditional  element  is  z£  the  form  A«>B  which 

if  A  then  3  else  false.  A  program  is  always  quoted  'ey  brackets,  and 


means  tK^t 


a  subsequence  if  conditional  elements  can  also  be  grouped  in  that  vroy ,  The 
following  is  an  example  of  integral  sqare  root: 

2  [  #2b-sqrt  o#Ib-Ia; 

7ei[  #lb-Im  ->  lAo#ib-In]  ; 

iol  flb-In  ->  V- cxflb“Ik ]  ; 

<v[  #Ib-Ik  ->  lAo#lb«Ip; 

#lb-Ip  »>  I/\o#lb-li  ]  ; 

is.  [  r lb-11  ->  o#Ht-0AO*ip-lAo#lb-12; 

?lb-lZA#lp>#Im  ->  o#lb-l4; 

“>  o«'ib“13; 

#lb«13  o#Ip^Ip->0k#Ik+3^dffk“‘jtIk+lAO#Ibt3i2; 

#lb—l4  #In“#IiW  c^lb-stop  J  } 

This  is  the  internal  fom  of  a  program.  It  ■’>  lower  level.  In  order  to  transform 
it  into  a  higher  level  external  form,  soma  abbreviati; >>  rules  are  given, a. g.  a  goto 
statecsnt  leading  to  next  label  can  always  bo  omitted,  etc.  (Ti).  The  external  form 
of  above  example  is: 

D  sort: 

il[  a:lj;  id  ml]}  M  k:I;  p-.l]  ; 

5Ea[o#k-Ct\o#p“l ; 

12:  #p>#m  fl4; 

~p£-|m  “>  o^t>^fpJ*2*#k+3\o#l^#l'i+iM'12 ; 

14:  #rr«#fc/t1atop  jj 

(6)  la  order  to  use  XTZ/E  to  express  the  formal  semantics  of  other  languages,  a 
metalanguage  is  introduced  in  which is  a  semantic  napping,  it  maps  each,  construct 
of  the  object  language  into  a  string  of  entities  in  112 /E;  vy  ;$  a.  replacing  symbol; 
•if  -  then -elseif... else1  is  used  to  distinguish  different  cases;  ‘it  begins  visa*  is 

to  indicate  the  beginning  section  of  the  string.  The  intuitive,  meaning  cf  all  these 
syhbolisa* in  metalanguage  are  obvious. 


Expressing  The  Formal  Semantics  ci  CSP  and  CP  or  ADA  Tasking 
With  The  Temporal  Logic  Language  XTZ/S 

Chih-mmg  Tang 

In  (Tl)f  a  temporal  logic  language  XTZ/2  is  introduced*  It  is  a  temporal 
logic  system  as  veil  as  a  programing  language.  It  has  two  forms:  the  internal 
fom  is  in  lovrer  level,  hut;  there  are  several  abbreviation  rules  which 
can  transform  a  program  in  internal  form  into  a  higher  level  external  form  and 
vice  versa*  In  the  APFEl'IDIX  of  this  paper,  some  basic  features  of  this  language 
are  illustrated. 

One  of  the  ma^or  applications  of  XYZ/2  is  to  use  it  as  a  means  to  express 
the  formal  semantics  cf  other  programming  systems  irscluding  conventional  higher 
level  languages  .For  it  is  a  logic  system,  its  cvn  so  run  tics  is  as  easily  defined 
dene taticaally  as  any  logic  system;  while  it  is  also  a  lenrzr  level  language, 
the  sen&a tics  of  other  programing  system  can  be  conveniently  mapped  into  it. 

It  seems  to  ns  that  this  approach  is  more  natural  th2n  denotations!  semantics 
and  also  more  elegant  than  operational  semantics.  This  paper  may  help  to  eiu  t 
that  the  more  complicate!  is  the  problem,  the  mors  obvious  is  the  advantage 
of  this  approach.  Besides,  thi3  approach  is  very  close  to  the  real  compiler. 

TiZ/E  in  Its  original  version  (Tl)  contains  a  layer  to  cm  scribe  Petri  net.  It 
can  express  those  concurrent  or  nonde terminate  algorithms  such  as  preduoer- 
cansumer  pacblem  or  five  philosophers  problom  quite  neatly.  But  this  author 
finds  that  Petri  net  may  not  be  a  suitable  mean  to  express  such  concurrent 
Constructs  as  Ho-xre 1  s  CSP,  Mao-Teh 1  s  CP  or  ADA  lashing.  This  paper  will  show 

how  to  express  'then  with  X2Z/E.  To  try  surprise,  the  result  ceems  very  satis!  an  to 


The  Formal  Semantics  of  Koare's  CSP 

(1)  CSP  and  guarded  c ora and. 

concurrent  program:  P  L  Pl//...//Pn  ] 

hare:  Pi  ::  Si,  i**l,...,n,  Fi  process,  Si  statement, 

statements  includes: 

(a)  input  command:  Pj?x  (in  Si) 

(b)  output  command:  Pily  (in  Sj) 

(c)  guarded  casssirds:  [ Bi"*  SI  Q  3Z~* S2 li  .».3Bk-»i.:i 

(a)  repetition:  *[Bl-*Si  3  £2*S2  G  ...  D  3'xaSi-] 

(e)  skip  xnd  assignment 

(f )  statements  sequence:  Sil;...;Sin 
boolean  expressions  includes: 

(a)  input  command:  (in  S;)) 

(b)  output  command:  Pily  (in  Si) 

(c)  ccrwanticnal  boolean  expression:  bx 

(d)  boolean  sequence:  Bil;Bi2; ...;3ia 

The  exact  explanation  of  these  constructs, see  (Hl),(Ai). 

(2)  Presupposition  before  transformation. 

(i)  Assuming  that  in.  -front  of  each  statement  there  has  already  been  a  label 
and  to  the  rigat  of  each  process  "Ei  there  is  a  label  endi.  Consequently,  for 
each  boolean  expression  or  statement,  a  label  to  its  nearest  right  can  always 
be  found.  Let  nexti  be  the  nearest  label  right  to  Si  or  Si,  it  car.  be  deter¬ 
mined  in  following  way: 

(a)  v  ci’i -*),;« 'bl; ... ;bi;  l:Sj  1  is  the  nexti  for  bi. 

(b)  U<«  is  the  nexti  for  Sr, 

(c)  If  S  i3  the  last  statement  in  any  Si  (l^i«a)  in  following  statement: 

9[Bl^Sl2  B2?>S2iI  •••  li  Bn*fSn]  ;  1:S*  i  ner-e.  §=*■  ^ 
then  1  is  the  next  for  this  S. 


3 


(ii)  To  each  process  Pi  in  [ PI //P2// *  *  *  / /PNJ  &  private  control  variable  jlbi 
or  its  abbreviated  form  T  i  is  assignee  and  in  addition  *  a  common  control 

variable  #lb  or  t  is  also  available* 

(iii)  To  each  inpat  ccmruand  Pj?xij  in  Si  (or  Pi),  a  boolean  #ri*  is  assigned; 
To  each  output  command  PiJyji  in  Sj  (or  Pj) ,  a  boolean  *sji  is  assigned 
Let  Pr&wvu  represent  either  Pj?xij  or  Pilyii* 

(3)  Transformation  from  CSP  to  XYZ/E. 

(i)  Each  statement  sequence  is  transformed  into  a  compound  stao2?nent,i>i. 
£(S1;...-Sk)  W  [^(Sl);...?|S(Sk)] 

(ii)  Each  boolean  sequence  bi; • *  * ;bk  is  transformed  into  a  con jurcticn,i.e* 

p(bi;***;bk)  <->  (bl}/\|SO>2)A«« *^(bk) 

<->  /SC b)  if  there  is  no  input-output  command  in  blt**«,bk; 


ii*  Pu£otu  occurs  in  bl,*»*,hk« 


(iii)  ihe  concurrent  program  is  transformed  as  follovs: 


r 


5(Pu  :5n  )<->  P:  '‘i?lA..^TrJ>n; 


Pi:  iS(Sl);...;  Pn:,5  (Sn); 


(iv)  ftii  guarded  cocrsanda  are  trersforcsd  in  following  way  (asstining  in  Pi): 


v*-) 


£(n: [Bi*!!  :S1C. .  .Q3k*ll::Sk];  r.ext:S ' )  v*  n:/3(£i  )->  11  :/3<Si  )A-ri  next; 


n:|3(Bk)«>lk:<5(Sk)Afi  next; 

ii  next; 

next:  |3(S*); 

!«ote  that  in  the  original  definition  of  conditional  elenents  in  (Ti), 
two  conditions  with  one  oomcor.  label  xo3t  be  sutunlly  contradictory, i.s 
n:  Si';  n:  S2'; 

These  two  conditional  elements  are  logically  equivalent  to  folloving 
foraala:  *  if  £lb-n  then  (  if  E  then  S1T  else  S2* )  el3e  false  1  . 

But  in  present  case  the  conditions  cm.  ta  true  simultaneously,  and 


_ in  that  situation  we  have  to  choose  one  of  those  Si  following  then. 

«*.  Cv)  »*f<  Cav<  ru)  1  ~  3  <. 


The  logical  meaning  of  the  larger  is  quite  different  from  the  former. 
Let  the  conditional  elements  transformed  from  guarded  commands  are: 
n:  3l‘*H:  Si';  n:  32'**  12:  S2*;  n:  -<31  ‘A -32* *faert; 

She-se  three  corjiitiar^al  blszAZxis  arc  logically  equivalent  to  following 
‘if  #2b«n  then  (if  31^32’  then  sivS2’ 
else  (if  Bl’  then  Si’ 

else  (if  B2'then  32’ else  c^ib^next}}}1 
here  S  i*vS2T  i» sans  that  (Sx  vS2V‘  -,  ( S1A  S21) . 

(v)  The  repetition  is  transformed  an  follows  (assuoeng  in  ?i) : 

/. 3 (n:*  f  31->  11  :S1  0  . .. 0  Bk->  lk:Skj } <-> n:~(31)->  11  :£(Sl >*T;  n; 


n:^(3k)-;ik::(-5(Sk)AT:  n; 

*K  _ 

nsn^CBl )a.  .  .A-,ySt=k)“>  t  i  nextj 

for  foi*  $u-rdcd  C~T»mur.d:  (r>;ird.  Ttfx+iu*)  wX  mpur-ontwt  ■"  fit  .*<  tzc^rh*-^  *  « 

(d)  The  transformation  of  input-output  conmai-.de : 

For  input-output  commands  can  occur  as  statements  ana  as  bocae-an  aepre etaens  . 

V3  divide  following  discussion  into  ..  two  cases: 

(i)  As  statements  (assuming  in  Pi): 

For  any  input  command  Pjlxij  or  output  command  ?k!yik  in  Pi,  as  pointed  out 
in  (2),  two  booleans  #rij  and  #sik  have  teen  assigned  corresponding  to  these 
wo  commands  respectively.  Then  these  commands  are  transformed  as  fellows: 

,6  ( Fj  ?nij )  <->  0#rij“xA't  oemm 
p(Pklyik)  <*■>  of  sik»T4 comm 

her  s '  comm' is  a  label  in  the  part  common  to  all  processes.  In  addition  to  above 
transformation,  corresponding  to  P j?x±j  we  must  insert  following  conditional 
elsa&nt-  under  the  label  coma: 

coma;  ^rij-TA#3 ji-T  «>  oiod-^/jiAo^rij-FAC'^i-F.'.  i  r.extri  j a  Tj  nc-r.cs  ji; 
here  nextrij,  next3ji  are  the  next  label  of  Pjlii  in  Pi  and  that  of  Pi! ji  in 

Pj  respectively.  As  for  Pk!  Ik,  we  need  not  insert  the  corresponding  condition¬ 
al  element  in  comm,  for  its  input  partner  Pitki  in  Pk  would  do  that. 


(ii)  boolear.3  (aieuinisg  is  Pi): 

Let  us  assume  the  guarded  coBtxsd ?.wfc.ere  they  occur  is  of  follow!.  _  fora: 
a::L?jl?xij‘l;bl*>  li:Sl3...0Pjq?xijq;bq4  lq:SqC 

Pki !  yixi ; bS*  *>1L 1 :  Si '  jj . » .  jj ?kg 1  yikg  ;bg  •  ylg 1 :  Sg 1  e  *4  • 

/Cu3)  v-*  '/I  ;  nb“\  A  •  ■  A-7b&  AlbV  A"*  A“1  bij 

A:  Ol  V/-*  *  b;  V  -•  v  of  ^o?r(;?cTA- 

As  in  the  case  (i),  there  rust  he  a  conditional  element  in  com  correspond!, 
to  each  input  ccsamand*  Without  lose  c £  generality,  we  need  only  consider 
can  also -"do  safe  to  assume  its  partner  occurring  in  Pjl  with 

following  context:  Piiyjli;b::-yl;3 :5n  •  Si en  tea  conditional  element  in  com 
for  PjlTxfJl  here  is  as  follows: 

com:  ifrijl«,S\iTtS3li»»TAblAbK  «*>  o#xLii*tr73iiAO#ri,}l«FAo:5S3li— ?A 

P(Pjl?2iji)AF(?iiyjli)Ati  V'aIji 

ii'  ^4  X  ^jus-trU  J&U(*  ^exl  +o  8ji?xij»  a-**  Pi  vea.pccr.wtly. 
it  TK<  pOwfTft^r  ic  'yj'1  ' 6»  ? w0.ve.rr\en  ^  '•  )f'^  •'  -r  r->y- 

on':*c  F(Pu&ava)  represent  #iat  all  those  he  ole  an  rjopat-cutput  couuauis 
ether  than  Ptlir/a  but  occurring  in  the  sans  gmi-dei  eemnand  with  this 
PihAnm  are  assigned  with  the  value  false;  A*  t*y  ***  un>^r 

tKey  $Wf4  Tnt  CwTn«v\  cernd ifcvC*^ l  6,l^.w»ferCt\  tetv  i^vTC  p^rTnq.y. 

Finally ,  there  are  still  following  labels  and  conditional  elements  in  Pi: 
51:  ns-Ct; 


Lq:  ^{Sq)',-.i  naxt; 
ii':  S(Sl')Ati  next; 


lg‘:  £(Sg)Ati  next? 


here  next  is  the  label  before  the  statexsnt  to  the  right  of  $, 

•£  !  -  Y«J«Wk*l  'Uitt  w  1.  f-UX  M,  j»w%f  f  ~r*M  ■ 


L 


Let  as  ervlain  the  above  transToreati  :r.  '*<  m  a  typical  exao:?le  quo  tea  broz  *A1;# 
Sxaaple  1.  F: : [Pl//P2//P3j 

Pis :  [P2?x->  111:31 2  bi;P3!y->  U2:S2j  ;  .11 3 :  «■  L  &2 ; ?2i u*Ll4:  S3]  03 ; P37u-H5 : 
?2:  121:35]  Pli  i->  122:£6 iJ  ?3?e-»  123:5?j;  endz 

?3s:  ?1 7z;  1>1 :  *i'oA->132:SS!!  b2r>  133:59]; 


To  apply  the  transformation  giver,  above  to  this  C3P  program,  tie  XfZ/£ 
pro "ran  obtained  is  os  .ollcvs: 

?:  Tt  pia ta  p2a]3  f3; 

FI :  c-f i»12a»?A  o  v  3i  >  T*  Tc  ossr ; 

113:-rb2^~.b3  “>il  rndl; 

113:  fc2Vb3  **  t-*sl2a» Ta-o^tI 3a* Ta  ^ccza ; 
ill:  £(S1)a:i  113: 

112:  & (S2)aTi  113; 


ll4*. -(33)**^  1-3; 

H5‘o(^Vtl  113; 

P2 :  o*;t2I 3- TAOf>s2X»T/ e~rr ;$  -  7  \  f cj>«  rn . 

121:S(S5>.f2  ?2; 

122:v(S6)a 12  ?2; 

123:0 (37)*, f 2  F2; 

?3J  o- -*31  z » Ta *  ocna ; 

12i:iS(bl)*^3  132; 

131  j  ji(  o2)— T  3  133; 

I 

131  :^{tl)A.(b2>'!3  end?; 

consns  -*ri2m-TAve21  t»T  ■»  o«c-*t.«,o#rl2x-?A  ey*a21  t-F/.  o?sl  >Fa  tsT21“Kio-ri3‘- 

1 1  11 3  a  1 2  F2 ; 

cczzti  *  y£l TA ^5! 2u- T/>o2  ■*>  Oir3»fu^afr21s*FAO-7:si2u‘iF,'v<>f3^it,*j,ACf'r23£~£'- 

o#rIVF\il2lA^l;^; 

ccata;  -r31z«?A^sI3y*rVcl  «>  Ofi^y/.c-,r31z»FAt>*3lI:y,**A  o*t— j  •  - 

Ci"**  tr>  Tc.J^r-1^ 


The  formal  Semantics  of  Zhou-Hoar e 1  s  CSP  vita  K ane d- Charge  1  £ 


Zhou-Hoare  (Z£L )  introduces  a  formal  system  to  create  CSP  with  nanod  channels 
and  has  proved  the  validity  of  tha  proof  rules  by  means  of  donotationai  semantics* 

In  spite  of  its  mathematical  sophistication,  tnat  approach  seems  too  complicated. 

This  author  finds  that  the  CSP  with  named  channels  car.  be  easily  ana  even  mere 
naturally  described  with  the  temporal  Ionic  language  XYZ  /£  with  the  consequence  that 
the  proof  rules  in  their  system  become  theorems  of  TfZ  /E  which  can  be  proved  within 
the  framework  of  temporal  logic  instead  of  using  those  complicated  tecnniqj.es  of 
denotational  semantics • 

In  order  to  describe  the  CS?  with  named  channels,  or  equivalently,  to  transform 
the  semantics  cf  Zhou -He  ore 1  s  sy  s  ten  into  Tfl  /£ ,  we  enumerate  irlorrally  the  corres¬ 
pondence  of  the  basic  notions  of  these  two  systems  as  follows: 

-The  process  in  their  system  is  transformed  into  a  procedure  in  XYZ/E; 

•  7ne  channels  in  tneir  system  are  transformed  into  I/O  variables  (i.e  •  input 
variaole,  output  variable,  or  input-output  variable,  they  are  declared  in  >i  part, 
part,  cr  ?;io  part  respectively)  of  tha  procedure; 

•The  type  of  tha  values  of  the  channels  is  treated  as  allocations!  formula  ;  as  in 
(T2)f  we  allow  sets  as  allccaticnai  formulas ; 

•In  order  to  describe  the  relations  between  the  channels  (I/O  variables)*  cf  different 
process^ procedures ) ,  an  I/O  variable  used  outside  the  procedure  where  it  is  defined, 
must  have  its  name  prefixed  with  the  name  of  the  procedure  connected  with  a  hyphen, 
for  example ,  fr^copier-wire»trcccpier-wiren  means  that  the  value  of  the  channel  wire  in 
1m  process  copier  is  equivalent  to  the  value  of  the  channel  wire  in  tha  process  reccp.^r 

"The  process  expression  of  a  process  equation  (  p£P)  is  transformed  into  the  condi¬ 
tional  expressions  of  the  algorithrdc  partti*s.  part  of  the  corresponding  procedure 

with  the  convention  that  the  process  expressions  are  transformed  in  accordence  with 
following  rules: 


( 1 }  In  oraer  to  transform  the  expression  the  f cm  MA-/BW  exactly,  ve  need  to  give 
sone  comments  on  the  operation  "->  n  used  in  (ZH1 )  *  To  ny  understanding,  ,;A+B l:  i-i  (ZHv 

TO 

ought  have  the  meaning  that  "if  A  then  subsequently  (or  eventually)  3n.  But  if  we 


explain  this  operation  in  this  way 6  the  egression  "A-?  (3->  C;"  ought  to  rear.  that  "if 
A  then  subsequently  that  if  3  then  subsequently  Cn.  In  this  case  when  A  molds  it  is 
r.ot  necessary  that  B  must  holds  subsequently.  To  judge  from  toe  examples  in  (ZHl )t  1 

believe  it  is  not  what  its  authors  intend  to  mean*  I  think  ,  it  is  misleading  to  ailo*- 
replacing  the  B  in  "A-^B"  with  ,l3^  C  ",  So  in  following  discussion,  no  such  kind  of 
the  form  of  the  expression  as  l!A->(3->C)fl  is  allowed*  Ve  express  what  such  expression 
intends  to  express  an  nA->B;  B^>Cn.  For  this  kind  of  expression,  the  trar  formations  art 
■;<A->3)  <->^(.0*^(3),  ^(A->3}  )&0-Si'3J  .  ,3  (8) -*<>3  CC)  ; 

(2)  In  nc! e->?* t  c  is  transformed  into  an  output  or  input-output  variable. ?c  and  e 
is  transformed  into  a  corresponding  expression?  so  the  whole  expression  is  transformer 
as  j(el e->  ?)  <~>^c **^(e)*>$piP) .  Note*  this  variable  vc  must  be  declared  at  the  or 
cart  of  the  crccedure. 


(3;  In  "c?x:M->  ?" ,  c  is  transformed  into  an  input  cr  input -output  variable  which 
is  declared  at  the  part  or  *io  part  of  the  procedure;  x  is  a  local  variable  of  typ^. 
M  which  is  also  c 1  s  type,  declared  at  £v  part  of  the  procedure.  Hence,  die  whole 
expression  is  transformed  as  ^3(c?x:K->  P)<->^c»#x  ■frflftP). 

(4)  For  the  expression  (PlQ),  we  assign  a  cosoon  label,  say  Ipq  before  both  the 
transformed  expression  cf  P  and  that  of  Q*  Thus  /?((P(Q)K->  lpq:^(P);  lpq;6(Q);. 

(5;  A?  for  (?  x)  iy  i)  and  (chan  L;F),  it  is  natural  to  transform  these  forms  into 
embedding  subprocedures  in  an  outlayer  proc sdure  and  expressing  the  relations  among 
their  I/O  variables  as  equations  in  the  $a  part  of  the  cut. layer  procedure.  We  will 


explain  the  transformation  by  the  examples  below* 


(6)  Stop  is  transformed  to  stop 


Given  following  process  equation cnoi-noare ‘ 3  .r/s teu 
copier  r  (input;x:  Si?  ->vireix;  viral x  ^  verier/, 
reco  'ier  £  .(wireYy :  NAT  ^outpuiiy;  output  iy  r  recopiei 

( char.  wc.ro;  (copier !  jresopier) ) 

whicn  is  represented  pictorially  cy  ioiiowiiir  figure: 


in  7-rat  !  ^  copier  I  wire  recopier  cutout 


Che  procedure  into  that  tiie  above  processes  transforsied  i. 
4p  L  ore: 

#i[  input  :KA?j; 

[output 2  HAT] ; 

'  copier: 

$il  input: NAT;  ; 

£o[vir»:NAT ~ ; 

t]; 

ya  [  ic :  ■? in put**  fX  «*  <}  *vi r  e  « 

;>WLre«*fx  ?,lc]  • 

'  recopier: 

bi,  wire:  NAT  j; 

[output  sNaT-  ; 

jSvjyxNAT  j ; 

■ia  [lr :  yvi r e-^y  4\  ■  * o u t pu t *  *>v ; 

#  r  ,  * 

foutput-ry  *  Sir  ; 

[  lore :  ^Co/*icr  a  Uretcpter  ^fAt  hCO • 

Ur;;:  er^mptft  ##QTC-  f*vt) 

rrecopi^r-iriro-rcopier-wire ; 

^crc-output»^rocopior-cutpai;!  lerev, 


E  xair.zla 


The  giver,  processes  equations  are: 


sender  £  (input??  :M  q;yj). 

e  1  x :  M]  £  (wire!*  *y  (wire?y:  {  ACX \  -v  scr.uor  ;  wire!;'; ; MAC: 
receiver  £  (wire?z:  H  -W  (wirelACA  j  vrire«l‘ACX ) ; 

wireiACK  output!  z;  output!  a  -r  receiver; 
wireiNACX  receiver), 
protocol  £  ( chari  wire;  (sender  |*  receiver; } . 

The  corresponding  oicterial  representation  is  as  icllcws: 


s  protocol 

input  1  ?'  sender  !  j  receiver  «  output 


7ne  orcceuure  obtained  alter  tr  an  3 1' c rra 1 1  on 


’P( pro toe o^: 


*i»input:  Hi; 

[output;  M] ; 

4p [sender; 

*i[ir.pui:  HJ ; 
^ofwire:  M  7 » 
^vjy:  Mj; 


Vcifwire :  «  ACS , .'lACl'.j  ]  ; 

‘$o[viire:  >fj; 

MX:  H  ] ; 

‘UiTlq; 

la:  Uc-re5*#^.  *?v#wire«ACK; 

lq :  *hfire»trc  -/Orwire-'^ACX 

^vi r e**ACX  ■■>>>  tender ; 
fwire*NACX  *>j.lq  ; 
^[finuut**^  **><> ^q-wire*#yAt  {r  ?1; 

*•  *  *  ^  *  j 

*j*p  |  receiver; 

wire:  M] ; 

'»o  -  wire :  j  ACK ,  NACK  j  ; 

output:  Mj; 

[ 2. ; 

$a[ tlr; 

lr:  -rwire-^z  fwir©*ACK ; 

lr:  fwlra-fz  »>'},rwire*NAC K; 


The  Formal  Semantics  of  Kao-Yshte  C? 


Kao-Xeh1  o  CP  is  a  language  concept  for  concurrent  programming  introduced  in 
(MY1).  It  i s  subst  ntiallj  synonymous  wuth  AHA.  Tasking*  For  tie  concept  of  CP 
has  been  more  neatly  defined  in  (HYl),  it  is  chosen  as  the  model  in  cur  discussion 
in  this  paper.  The  method  introduced  here  can  be  removed  to  deal  with  ADA  Tasking 
in  an  obvious  way. 

In  order  to  save  time,  we  decline  to  introduce  the  concept  of  CP  in  detail  here. 
Mao-Yen1  s  paper  (Mil)  is  assumed*  Roughly  speaking,  in  a  concurrent  system, there 
are  two  kinds  of  process:  master  processes  uuich  receive  messages;  tervan t  processes 
which  send  messages.  They  ^.change  informations  through  throe  kinds  cf  statements: xLz 
connect  statement  which  the  servants  use  to  send  messages  P&Z  statement  which 
the  masters  U3e  to  receive  me  a  sage  3  from  the  servants  through  some  ports  which  are 
buffers;  and  the  disconnect  statement  which  the  master  uses  to  release  the 
servants  after  the  messages  have  teen  received.  The  former  two  kinds  of  statements 
contain  a  list  o if  parameters  to  indicate  xha  names  of  the  master,  the  wervant  and 
the  port  and  also  come  input  and  input-output  parameters  to  store  the  messages  and 
informations  to  be  exchanged. 

(1)  Assrnnpticns. 

(a)  We  assume  there  are  n  masters  whose  nanus  are  ml, . .  *,mn;  k  servants  whose 
names  are  sl$...,sm  and  1  ports  pl,..*,pl. 

(Jb)  For  simplicity,  wo  assume  the  parameter  lists  of  all  connect  statements 

and  the  port  statements  are  similar:  they  all  Lave  a  parameter  for  the  * r\fazcr 
master  i.e.  rex,  one  for  the  port  i.e.  pjj.,  aad  one  for  the  servant  i.e.ss; 
besides,  the  formal  paramo teracf  informations  in  port  statements  are  of 
fc  Hewing  form; 

the  input  formal  parameters  are:  if'  :Tl#...,ifs:Tsf 

the  input-output  formal  parameters  are:  vfi:  T  l\  ...tvft:T*’t'. 

The  corresponding  actual  parameters  in  connect  stateu/iat  are;  iul ,  ♦  •  • » * 
Vat  Y<xt . 


(c)  Ixrea  kinds  of  statements  to  c*  discussed  are  of  following  fonns: 
i*  the  connect  statement  is  of  the  form 

CGN2C3CT(  'sol;  py;  ss;  ialf#.*»ias;  val,***,vat  ) 

2.  the  port  statement  has  the  fora: 

*) 

PORT(  ax;  py;  ifI:Tl,...»i£a:T.  ;  vfl:Ti,;...;vft;'rt'  ) 

3.  d*  disconnect  statement  is;  !! 

(2)  System  variables. 

We  assume  tiie  system  has  been  supplied  with  following  variables: 

(a)  Hiree  counters  if  Kmc,  #Kpy,  #Kss,  they  are  integral  varibies,  their  ranges 
are:  0..n,  0..1,  o.,k  respectively,  they  era  used  to  indicate  the  index  of 
the  name  of  the  master,  the  port,  and  the  servant  respectively . 

(b)  mere  are  several  arrays  of  auxiliary  variables: 
e-(#Kta)-(#Kjy)* ;#Ksa)-l  Of  type  !1 


c~{-fKmx)-<-#KF7)“(ftK3S  )-s  of  type  Ts 

p-(#Kta)-(?2py)-(4Xsa^-l  of  type  PH1  (i.e.  pointer  of  Ti ! ) 


p-(*Hm)-(#Kpy)-(#Kss  )-t  of  type  ?ft' 
x-(#Emr)-(^5py)-(#Ksa)  of  type  B  (i.e.  boolean) 

l-(#Knx)-(#K{y)-(#Kss)  of  type  B 

n-(-fEra:)-(#Kpy)  of  type  P3  (i.e.  pointer  of  bcamn) 

(3)  Transformations. 

(a)  connect  statement: 

/9(C0WECT(  me;  py;  fts;  ial,...,ias;  val,...,vat  ))«-* 
o#c-(inK)-(py)-(sE  )-l-*ialA«  •  •Ao!fc-(mx)-(Fy  )-(ss  )-s-#ia3  A 

ojrp-(mx)-(py)-(s*)-l“valA.«  •At>»P”(™t)*'(py)“'^s2  )-t»vat  A 
of‘x-(mx)-(py)-(sz)-TA  o^l-(mx)-(py)-(sz}-F: 


>(mc)-(py)-(sz):  #l-(nx)-(py)-(sr  VF  ->  I  g-(ra:)-(py)-(sz); 


g-(cx)-(py)-(os):  ^l-(mx)-(py)-(ss}-T  -> 

*•)  ’foMci+j-eci  “till  SGrt/Un  tj  hOffltfl 


(b)  port  statement: 

&(PGR?(  ex;  py;  i£l:Tl,...,ifS:Ts;  vfl:Tl ‘ , . .. ,vft:Tt' ) 

CONDITION  cond; 

SERVANT  szl, . ..,3zq; 

BEGIN  &'caiexent  ENDPCRT  )  \-A 
b-(ux)-(py):  p(com)->  cU(inx)-(py); 
b-(os)-(prjr):  6C-tCond)«>  b-(nDc)-(py)’i 

d-(nx)-(py):  ffx-(nac) -( Fy)-( azl )-T  -> o*ifl=*#c-(nx)-(piy)-( azl )-1a. •  .A 

ofifs*ro-(aj:)-(prjr)-(ez  t)-sA 
09^flH**P“(Bac)-(Fy;i«{szi )-iA  •  *A 
oyr*  '/■*  ;  ,  *!*.’!»(py)-(sz{  )-tA 
c-r  -l-(nr)-( jor)-( szl  )a 

i-'v  •* 


d-(nx/-(py):  ^x-(inx)-(prsr)-(szq)-:  .M,k:-(sat)-(py)-(szq)-iA*»»A 

or  if  i>*„  c-(  ax )-( p/}-(  ssq )  -ba 
c^Il^rp-(sx)--(?3r)-(szc  )-1a.  .  «a 
orvf  t«f4^p-(iis)-(  py )-( szq  )-tA 
oyn- ( rat) -( py  )-l- ( ns) -(  py ) -( szq  > 
fe-(mx)-(pjr); 

e-(nx)-(py):  3(  atatecent  );fb-(wO-ipy); 

t 

k- (,»/)- 1-PX):  *x-(ar)-(pcr)-(szl)«T  *«>o#5lp-(ox)-(py)-(ssl)-l*4vflA...A 

o#fp-(nz)-(py  )-(ssl  J-t-AvftA 
o#x*<scc)«(  py  )-(szl  )»Fa  fendport ; 


K-Cwx)-(oy);  #x-(ms)-(py)-(szq)«T  -  o*rp-(sx)-(iy)^szq)-WvflA...A 

o*#p-(mx ) -( py )-( szq ) -b-rvf 1 A 
o*x-(ax)-(py )-( szq  )«FATendporx.; 

endport; 


(c)  disconnect  statement;  /3( I ! )  A->  o#n-(nx)-(py)«T 


Folicwivir  example  u  taxon  from  (Kfl) 
Example  2.  Semaphore 


PROCESS  semaphore 
VaR  s:  INSSGSR; 
begin 


s:-l; 

cicie 

/  /  KTIT  (  semaphore;  y  ) 
SERVANT  al,**.fqiO; 
BEGIN 


£:«*e+l;  EwPORT 
/ /  PORT  (  semaphore;  p  ) 
COIIDITION  a>0; 

SERVANT  ql , • ♦ • ,qlO; 

begin 

t  t 
•  • 

s:«s-l;  EXDPORT 
SKDCICLE; 

END; 

PROCESS  qi; 

BEGIN 

* • . ( proecsssT, 2  without  resource) 
CONNECT  ( seaaphore ;  p  5 
•..(using  resource) 

CONNECT  (senaphore;  v  ;  «i); 

♦• *( processing  without  resource ) 


The  transfcrmation  rules  given  in  (3)  applied  to  this  CP  program  haj  follcving  result : 

sea:[>iois!  I]; 

£a  [  of s^IaIo cycle ; 

f*  t 

cycle:  !v  o-(sea)-(v»)Ai2  b-(eam)-(p) ; 
b-(3ea)-(?)  jtvdU(sea)-(v)i 

d-(3ea)-(T)j#x-(sen)-(v)-'l)»!»  oyn-(6eii)-(v)-l-(sem)-(v)~(l  )a.u<  <=-(sea)-(7) 

d-(£8a)-(v);?x-(eea)-(v)-(10}*‘T»?  c*n-(sea)-(v)«l-'(sea)-(v)-(1.0)'te-.(sea)-(v) 

»-(sen)-(v):  [0«#n-(scm)-(v)«T;  o#s^fs+lj  ivh-(sea)-(vi!; 

h-(sea)-<v):  Of«t-(sem)~(v)-(l )-F-.^end; 

b-(sem)-(p):  #s>C  •$£  d-(ser.)-(p)  J 

b-(sem)-(p):  #5^0  «*|£  b-(sen)-(p) ; 

/V 

d-(sea)-(p)  :#x-(sen)-(p)-(l)“m>  o*n-(sea)-(p)»l~(sea)-(p)-(l)Ai2e-(sea)-.(p}; 


d-( sea)-(p) :#x»( sea)-(p)-.(10)-T^»  o:Tn-(sea)-(p)®l-(3em)-(p)-{10)^ii-(sea)-(p); 
e-<saa)-(p):[of#n-(sem)-(p)«T;  o#8~#3-i;  &a-(sea)-(p)jj 
h-{ sea) - ( p ) :  ofo> ( eea)  - ( p } - ( 1 C /-EClend ; 
cad:  To  cycle  1  j 

•  •  • 

#a[  c^ac-(sec)-(p)-(i)«TA  o#l-(seE)-(p)-(i)»F; 

g*(s3m)-(p)-(i):  #l-(sea)-(p)-(i)**F  ->  ii  g-(sem)-(p}-(i); 
g-(sea)-(p)-(i):  ** 


o;ix-(sea)-(v5-(i)“TA  o>fl-(sea)-(v)-(i)*‘?; 
g-(sem)-(v)-(i):  #l-(sea)-(v)-(i)»F  «#1i  g-(sem)-(v)-(i); 
g-(sea)-(v)-(i):  #l-(aea)-(v)-(i)-T 

•••]] 

Of  course  *  in  this  example  there  are  many  informations  e.g*  'sem  can  he  omitted* 

o-ifcr  to  re^dob,  (»t;  ,  tKtf  numtj  c$.  ft*  ^-4  ih<  .nsU«*dl  rl  n>e.v 

matC&i. 
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